Other extensional structures are not listtic in the reflection data, have minimal offset, and lack prominent growth strata. These faults may or may not be listric at depth below the interpretable part of the data. These faults will be examined and discussed collectively with the more clearly listric faults.
Stratigraphy and Uplift History
The continental shelf of Washington and the outer to midshelf of northernmost Oregon are underlain by a thick section of Eocene to middle Miocene mdlange and broken formation (Figures 1 and 3) [Snavely, 1987] . The rodlange and broken formation may also be present elsewhere on the Cascadia margin but not immediately underlying late Tertiar.• strata. The mdlange and broken formation (MBF), known as the Hoh rock assemblage on the western Olympic Peninsula [Rau, 1973 , 1975 , 1979 ' Orange et al., 1993 , forms the uplifted accretionary complex of the Olympic Mountains (Figure 1 ) [Tabor and Cady, 1978] . Snavelv and Kvenvolden [1989] have subdivided the coastal rocks into the middle to late Eocene Ozette m•lange and the late Oligocene to middle Miocene Hoh rock assemblage, but Orange et al. [1993] were unable to distinguish between these two units. The Eocene to middle Miocene m•lange and broken formation is not subdivided in this paper, according to the nomenclature of Rau [1973, 1975, 1979 (Figure 3) [Rau, 1970] . Offshore microfossil paleobathymetry records both bathyal and neritic depths (aforementioned MMS unpublished work). These Pliocene strata are, in turn, overlain by Pliocene and Pleistocene gravels [Palmer and Lingley, 1989] . Paleobathymetry [Rau, 1970; Bergen and Bird, 1972] and younger sediments thin and onlap against these aliapits, suggesting that growth began in the late Miocene [Snavely, 1987] .
Seismic Reflection Data Acquisition and Processing
Multichannel seismic reflection data used in this study were collected during three acquisition phases. Phase 1 data were acquired using a four-gun aquapulse array and 110 foot shot Wagner, 1982] and in onshore outcrops [Rau, 1973; Orange, 1990] , imply that the MBF is overpressured at depth [Snavely, 1987] The subhorizontal upper contact of the MBF on the continental shelf and upper slope suggests mobilization and redistribution of this unit, aided by gravitationally driven downslope movement. The MBF may therefore be undergoing mobilization and extension to the west, where it is apparently unconstrained, with accompanying rigid or brittle extension of the overlying younger deposits (Figures 9a and 9c) is also indicated by shaded relief bathymetry [Haugerud, 1996] . We hypothesize that this protrusion and anomalous fold trends represent the expression of downslope movement and extension of the MBF (movement indicated by arrows in Figure 2a) . The absence of similar seafloor morphology and structure to the north and south cannot be presently explained but may be the result of reduced tilting of the MBF or a constraining structure reducing seaward extension. It is interesting to note that the many of the normal faults mapped coincide with this anomaly in fold trends opposite Grays Harbor (Figures 2a and 2c) .
The presence of both normal faults (listtic and potentially nonlistric) that cut the MBF and those that deform only overlying sediments implies that both motion on the detachment and westward How of the MBF are occurring. Both mechanisms have been proposed as models for extension in earlier work on metamorphic core complexes of the Basin and Range Province [Wernicke, 1981 ] . Figures 2a, 2c, and 4) . In the light of the evidence for mobile extension, we have reexamined our earlier mapping and conclude that many of the folds in the vicinity of the normal faults are rollover folds, drape structures, and folds driven by downslope spreading of the MBF. These structures could be misinterpreted as purely convergence-related structures without the high quality data set used for this study.
Alternative Faulting Mechanisms
E-W contractile strain is apparently low on the shelf and upper slope. We hypothesize that the extensional tectonic regime of this region is isolated by the mobile MBF from the convergence-related E-W to NE-SW compression on the lower slope. Figure 2a 
